INTRODUCTION
receptor tyrosine kinases or their substrates through binding of one or both SH2
10
domains to phosphotyrosines within YMXM motifs (1, 2).
11
The critical importance of Class 1A PI3K in human physiology is manifest in 
20
(7), while the role of the ubiquitous p110 has been less precisely defined (8).
21
Genetic efforts to probe the role of PIK3R1-encoded regulatory subunits have 
9
PIK3R1 gene products have also been suggested to have signaling roles 10 beyond stabilising PI3K and conferring recruitability to phosphorylated YMXM motifs.
11
Pertinent to metabolic homeostasis, for example, is the ability of p85 in mice to bind 
15
In the face of this complexity, the discovery that missense or nonsense
16
mutations in the C-terminal SH2 domain of PIK3R1, which affect all three protein 17 products of the gene, produce SHORT syndrome (21-23), was of great interest.
18
SHORT syndrome is named according to visible dysmorphic features (short stature,
19
hyperextensibility of joints and/or hernia, ocular depression, Rieger anomaly of the 20 iris, and teething delay), however it is the associated metabolic disorders that are
21
potentially more informative about mechanisms of pandemic metabolic disease.
22
Most patients with SHORT syndrome show insulin resistance that is often very 23 severe, and partial lipodystrophy is also common (24) . Highly unusually, 
14

RESULTS
15
Growth and development of Pik3r1 Y657X knockin mice
16
The truncating Pik3r1 Y657X mutation, previously associated with 17 normolipidemic severe insulin resistance in SHORT syndrome (25), was knocked
18
into murine embryonic stem cells by homologous recombination-based gene
19
targeting, and these cells were used to generate founder heterozygous knock-in 20 mice (Supplemental Figure S1 ). Immunoblotting of insulin-responsive liver,
21
skeletal muscle and adipose tissue confirmed the presence of a truncated p85
22
gene product, which in general was more highly expressed than full length, wild type 23 protein in the same tissues, most likely due to loss of a previously described C-
24
terminal ubiquitylation motif (27) No change in expression was seen of the p85 25 regulatory subunit of PI3K, while expression of the p110 catalytic subunit was 26 reduced in white adipose tissue, and expression of the p110 catalytic subunit was 27 1 muscle in both wild-type and mutant animals (Supplemental Figure S1 ).
homozygous embryos identified beyond E11.5. At E11.5 homozygous embryos 4 were smaller, with poorly developed limb buds and reduced eye pigmentation
5
( Figure 1A) , while heterozygous embryos were smaller from E15.5 onwards
6
(Supplemental Figure S2) . No difference in mass of wild type and heterozygous 7 placentas examined from wild type dams was seen, however vascularisation of the 8 placental exchange region was severely compromised, with around a 40% reduction 9 in vessel density, volume and length at E15.5 (Supplemental Figure S3) , as
10
reported previously for placentas heterozygous for a kinase dead p110 catalytic 11 subunit (28). In contrast to that model, however, the size of the placental exchange 12 region (both volume and surface area) and the thickness of the diffusion barrier were 13 normal (Supplemental Figure S3 ).
14
Pik3r1 WT/Y657X mice were born at expected Mendelian frequency, however they
15
showed impaired linear growth on a chow diet, with body length of males 6% less 16 than wild-type littermates at 18 weeks old ( Figures 1B,C) , and bodyweight 17% less
17
( Figure 1D ). Overall body composition assessed by TD-NMR showed no difference 18 between heterozygous males and controls ( Figure 1E) , and, in keeping with this, no 19 difference was found in epididymal or inguinal white adipose depot nor interscapular 20 brown adipose depot weights when the reduced bodyweight of the male 21 heterozygous mice was taken into account ( Figure 1F-H 
11
showed significantly reduced gain of weight and whole body fat content under these 12 conditions over the 8 week period studied ( Figure 3A,B) . Epididymal white adipose 
20
S5), and liver weights also did not diverge, while heart weights were elevated in 21 heterozygotes, as on chow (Figure 3F,G) .
22
Despite the marked decrease in weight of epididymal white adipose tissue, the 
12
In accord with the critical role known to be played by PI3K in insulin action,
13
severe insulin resistance is common in SHORT syndrome, and insulin resistance Figure S7 ).
2
Normalised plasma leptin concentrations, in contrast, were lower in heterozygous 3 mice than controls (Supplemental Figure S7 ).
4
To evaluate insulin sensitivity in more detail, hyperinsulinemic euglycemic 5 clamps were undertaken on both chow-fed or HFD-fed male mice. 
23
No difference was seen in liver triglyceride content between heterozygous and we moreover extend phenotyping with more detailed developmental assessment and 9 challenge with a high fat diet.
10
As previously described for the R649W mutation, no mice homozygous for the 
17
In the previous study of Pik3ca KD 
10
C57Bl/6 embryonic stem cells by electroporation and homologous recombination.
11
Targeted cells were injected into Bl/6J blastocysts to generate chimeras which were 12 bred onto the C57Bl/6J background to create the mutant strain (Supplemental 13 Figure S1 ). Healthcare Diagnostics).
6
In vivo metabolic studies
7
For fasting/refeeding studies, mice were fed ad libitum on the standard chow 8 until 16 weeks before fasting for 16 hours and refeeding with chow for 6 hours.
9
Tissues were harvested and snap-frozen before overnight fasting, after fasting and 
17
Hyperinsulinemic euglycemic clamp studies and the subsequent sample 18 processing and analysis were conducted as described previously (55) 5
Imaging and quantification of immunoblots were undertaken using the BioRad image 6 system.
7
For RNA expression studies total RNA was extracted by RNeasy kits (Qiagen). 
16
Supplemental Table S4 for primer and probe sequences).
17
Statistical Analysis
18
Numerical data are presented as mean ± SEM and statistical tests used are 
16
We would also like to thank Mr Gregory Strachan at the Imaging Core, which is 
Pik3r1
WT/Y657X mice (n =16 and 12 respectively). Organ weight, n=7, wt; het n=11 on chow, overnight fasted. Only heart is significantly different, p<0.0001, mice from 22 wk, 19 wk and 17 wk WT on chow, n=13; Het on chow, n=14. WT on chow, n=7; Het on chow, n=13. 
